Introduction {#sec1-1}
============

Antimicrobial resistance, a global problem, is particularly pressing in developing countries where the infectious disease burden is high and cost constrains the replacement of older antibiotics with newer, more expensive ones. Management of common and lethal bacterial infections has been critically compromised by the appearance and rapid spread of antibiotic-resistant bacteria. The Global Antibiotic Resistance Partnership (GARP) was established to begin the process of developing actionable policy recommendations relevant to low- and middle-income countries. Multidisciplinary working groups in India, Kenya, South Africa, and Vietnam took up this challenge in 2009 and have surveyed the state of antibiotic use and resistance and related factors ([cddep.org](cddep.org)). In light of this evidence, working groups have begun to define a set of broad policy objectives. This report summarises the India Situation Analysis of 2011 - the most comprehensive survey of undertaken in India - and recommends next steps.

The bacterial disease burden in India is among the highest in the world[@ref1]; consequently, antibiotics will play a critical role in limiting morbidity and mortality in the country. As a marker of disease burden, pneumonia causes an estimated 410,000 deaths in India each year[@ref2], and it is the number-one killer of children[@ref3]. Many of these deaths occur because patients do not have access to life-saving antibiotics when and where these are needed. At the other extreme, antibiotics are used in situations where these cannot be expected to improve the patient\'s condition, particularly as treatment for the common cold and uncomplicated cases of diarrhoea (which are appropriately treated with oral rehydration therapy).

'Drug selection pressure' is the single most important factor in the evolution of drug resistance in bacteria. The reasons for drug pressure are multifactorial and involve both human and animal use. Although drug resistance is primarily a medical problem, the factors that influence the spread of resistance are ecological, epidemiological, cultural, social, and economic. Patients, physicians, veterinarians, and healthcare facilities and retailers - from large pharmacies to local drug sellers - have little motivation (economic or otherwise) to acknowledge the consequences of their use of antibiotics on others, especially on future generations.

Every time an antibiotic is used - whether appropriately or not, in human beings or in animals- the probability of the development and spread of antibiotic-resistant bacteria is increased[@ref4][@ref5]. Antibiotic effectiveness is a globally shared resource and a shared responsibility. That responsibility is to maintain antibiotic effectiveness as long as possible, while allowing the maximum possible health benefits to accrue to the world\'s population. The actions needed to achieve this goal cannot be decided globally. Each nation must adopt strategies tailored to its own conditions. The GARP working groups' recommendations are based on an understanding of the underlying issues, and the proposed solutions are designed to work in the 21^st^ century.

CURRENT SITUATION IN INDIA {#sec1-2}
==========================

Rising antibiotic use {#sec1-3}
=====================

Antibiotic use has been increasing steadily in recent years ([Fig. 1](#F1){ref-type="fig"}). Between 2005 and 2009, the units of antibiotics sold increased by about 40 per cent. Increased sales of cephalosporins were particularly striking, with sales (in units sold) increasing by 60 per cent over that five-year period, but some increase was seen in most antibiotic classes. In comparison, a pilot survey conducted at private retail pharmacies in 2004[@ref6] and a survey in the same areas in 2008 found increased use of cephalosporins, but decreased use of macrolides[@ref7].

![Units of antibiotics sold in India, by type. *Source*: Ref. [@ref8].](IJMR-134-281-g001){#F1}

The fact that antibiotic use is increasing is not, itself, indicative of a problem, but evidence from studies of prescribing patterns suggests that antibiotics are often used in inappropriate ways.

Resistance to antibiotics {#sec1-4}
=========================

Antibiotic resistance has been a low-priority area in most developing and many developed countries. Compared with the immediate challenges of HIV/AIDS, tuberculosis, malaria, pneumonia, and many other infectious diseases, the loss of antibiotics at some future time does not capture the same attention. Resistance against certain antibiotics is already at high levels in certain places in India (and around the world), but the problem has remained largely unknown because relatively few studies were published and nationwide surveillance was not being carried out. But the issue came to the fore in India when New Delhi metallo-ß-lactamase-1 (NDM-1), first reported in 2009, made front-page news in 2010.

Briefly, NDM-1 is an enzyme produced by the gene *bla*~NDM-1~; it is named for New Delhi because the Swedish patient in whom it was first identified had undergone surgery in a New Delhi hospital[@ref9]. The gene was carried on plasmids and could be transferred between different bacterial species, in this case between *Klebsiella pneumoniae* and *Escherichia coli*, and most importantly, conferred broad resistance to most antibiotics, including carbapenems. Later studies reported NDM-1 in a tertiary-care centre in Mumbai[@ref10]. The controversy heated up when a paper appeared reporting the gene in multidrug-resistant *Enterobacteriaceae* in hospitals in Chennai and Haryana and in isolates from patients represented in the UK\'s National Reference Library (a high percentage of whom had travelled to the subcontinent)[@ref11]. A further study in which NDM-1 was detected in drinking water and seepage water in New Delhi[@ref12] added to the concern and the focus on India - whether deserved or not.

NDM-1 may be the most widely known form of antibiotic resistance in India, but a number of studies in recent years have documented significant rates of resistance to a wide range of antibiotics[@ref13]--[@ref30]. Many are of hospital-acquired Gram-negative infections with *Acinetobacter*, *Pseudomonas*, *Klebsiella*, *E. coli*, *Salmonella*, and *Neisseria gonorrhoeae*, summarized in [Table I](#T1){ref-type="table"}.

###### 

Recent antibiotic resistance studies in India

![](IJMR-134-281-g002)

A World Health Organization (WHO) study in which *E. coli* was used as an indicator organism at four sites found high levels of resistance, especially in pathogenic isolates[@ref31]. The study measured both antibiotic resistance and antibiotic use over the course of at least one year at all sites. Resistance rates were highest to those antibiotics in use the longest. However, resistance rates to newer antibiotics, such as fluoroquinolones, were particularly high in India[@ref31].

The overall take-home message from studies of resistant infections is that resistance levels have been worryingly high wherever studies have been conducted. Data are not sufficient to clearly delineate trends for specific organisms or specific antibiotics, but clearly outline resistance. This resistance is affecting patients and therapeutic outcomes, with concomitant economic consequences.

Antibiotic resistance surveillance has been limited to small-scale efforts by the Indian Council of Medical Research (ICMR) and some private agencies on a pilot basis. The Invasive Bacterial Infection Surveillance (IBIS) project produced valuable information on pneumonia in India, though it was unable to meet its goal of establishing a permanent surveillance system for antibiotic resistance[@ref32]. Evidence that can be pieced together comes from many individual studies, such as studies on methicillin-resistant *Staphylococcus aureus* ([Fig. 2](#F2){ref-type="fig"}).

![MRSA resistance rates from various Indian studies vary but appear to increase over time. *Source*: Ref. [@ref33]--[@ref51].](IJMR-134-281-g003){#F2}

Infections acquired in hospitals {#sec1-5}
================================

Hospital-acquired infections (HAIs) are a particular concern and indicate the level of infection control in a hospital, since many HAIs can be prevented through better hygiene. *Staphylococcus aureus* and *Pseudomonas aeruginosa* are among the most common causes of HAIs. Recent findings on the levels of HAIs and the causative organisms in India are similar to those in other parts of the world, and include (*i*) a study by the International Nosocomial Infection Control Consortium (conducted in 12 intensive-care units in seven hospitals in seven Indian cities), which followed 10,835 patients hospitalized for a total of 52,518 days. The observed patients acquired 476 infections in the hospital (4%), of which 46 per cent were *Enterobacteriaceae*, 27 per cent *Pseudomonas* spp., 6 per cent *Acinetobacter* spp., 8 per cent *Candida* spp., and 3 per cent *S. aureus*[@ref16]; (*ii*) a prospective study of 71 burn patients at Post Graduate Institute of Medical Education and Research (PGIMER) in Chandigarh found that up to 59 patients (83%) had hospital-acquired infections: 35 per cent of pathogens isolated from wounds and blood were *S. aureus*, 24 per cent were *P. aeruginosa*, and 16 per cent were β-haemolytic streptococci[@ref52]; (*iii*) a six-month study conducted in the intensive-care units in the All India Institute of Medical Sciences (AIIMS), New Delhi, found that 140 of 1,253 patients (11%) had 152 hospital-acquired infections. *P. aeruginosa* made up 21 per cent of isolates, 23 per cent were *S. aureus*, 16 per cent *Klebsiella* spp., 15 per cent were *Acinetobacter baumannii*, and 8 per cent. *E. coli*[@ref53]; and (*iv*) a study of 493 patients in a tertiary teaching hospital in Goa found that 103 people (21%) developed 169 infections[@ref48].

Patterns of antibiotic overuse {#sec1-6}
==============================

A few hospital- and city-based studies of antibiotic use suggest that antibiotics are often prescribed in irrational or inappropriate ways in India; that is, the drugs are prescribed at an incorrect dose, frequency, or duration, are redundant, or have the potential for adverse interactions with other drugs. Some studies on antibiotic use have employed indicators, such as the average number of drugs prescribed per encounter and the frequency with which fixed-dose combinations are prescribed. Other studies have detailed the reasons for prescribing (or purchasing) antibiotics - in particular, for upper respiratory tract infections, an inappropriate indication. Overprescribing and overuse are seen in all settings: public and private hospitals, clinics and pharmacies[@ref7]. For example, depending on where they live and the type of practitioner they visit, 45 to 80 per cent of patients with symptoms of acute respiratory infections and diarrhoea are likely to receive an antibiotic, even though it will not be effective if they have a viral illness rather than a bacterial one[@ref54][@ref55].

Why this overuse persists is not so easily determined. The possible reasons, as in other parts of the world, include the following: (*i*) lack of microbiology facilities or unwillingness of patients to undergo tests[@ref57]; (*ii*) some doctors' practice of prescribing antibiotics to any patient with a fever, taking it as a sign of bacterial infection, especially when they are concerned that the patient will not return for follow up[@ref57]; (*iii*) the patient\'s expectation of being given an antibiotic over-the-counter or a prescription for one at the doctor\'s office[@ref57][@ref58]; (*iv*) incentives for pharmacists to make a profit from drug sales[@ref59][@ref60]; and (*v*) the public\'s lack of knowledge about the appropriate use of antibiotics[@ref57][@ref61][@ref62] (Figs. [3](#F3){ref-type="fig"},[4](#F4){ref-type="fig"}).

![Prescribing determinants of antibiotics. *Sources*: Ref. [@ref56].](IJMR-134-281-g004){#F3}

![Dispensing determinants of antibiotics. *Source*: Ref. [@ref56].](IJMR-134-281-g005){#F4}

All those possible reasons suggest that much of this use could be curtailed without harming health outcomes; in fact, reductions in use could actually improve people\'s health.

Antibiotic use in animals {#sec1-7}
=========================

Antibiotics are not only used to treat human illness but have also been used in livestock and poultry for more than half a century to control and treat diseases and, in low doses in animal feed, to promote growth and improve production of animal products[@ref63][@ref64].

There is no regulation in India of the use of antibiotics in food animals such as poultry, dairy cows, and buffaloes raised for domestic consumption. Prevention of Food Adulteration Rules (1995), Part XVIII: Antibiotic and Other Pharmacologically Active Substances applies only to the use of antibiotics in certain types of seafood[@ref63], and the Export Inspection Council of India prohibits the use of certain antibiotics in the feed and medication of poultry intended for export only[@ref66].

The precise effect of agricultural antibiotic use on resistance levels in the general population is not known, but the evidence points to a link. In 2003, an expert committee convened by WHO, the UN Food and Agriculture Organization, and the World Organization for Animal Health concluded, 'there is clear evidence of adverse human health consequences due to resistant organisms resulting from non-human usage of antimicrobials. These consequences include infections that would not have otherwise occurred, increased frequency of treatment failures (in some cases death), and increased severity of infections'[@ref67]. Furthermore, cattle farming is a common livelihood in many parts of India, and a large proportion of the population is in close contact with livestock, which puts people at risk of acquiring resistant infections from their animals[@ref68].

A few studies on antibiotic residues in animal products have been conducted in India, but one on honey was widely publicized[@ref69]--[@ref71]. This study, conducted by the Centre for Science and Environment, New Delhi, found that 11 of 12 samples of honey taken from the domestic market were not compliant with standards for export. It concluded that the level of antibiotic residues found was not high enough to trigger an adverse effect in consumers, but it called for regulation and monitoring of antibiotic residues in honey 'as continuous long-term exposure to low levels of antibiotics could in due course of time lead to antibiotic resistance in pathogenic bacteria making their treatment difficult'[@ref72].

Government policy towards antibiotic use and resistance {#sec1-8}
=======================================================

Regardless of whether NDM-1 turns out to threaten patients' health in India, the attention directed to this pathogen has spurred the Government to action on antibiotic resistance. As a result, a Ministry of Health and Family Welfare task force announced a new national anti-microbial policy[@ref65].

The National Policy for Containment of Antimicrobial Resistance - India covers a range of topics, including curbing antibiotic use in animals, particularly those raised for human consumption; conducting infection surveillance in hospitals; improving hospital surveillance for monitoring antibiotic resistance; promoting rational drug use through education, monitoring, and supervision; researching new drugs; and developing and implementing a standard and more restrictive antibiotic policy[@ref65]. Under the new Schedule H1 (now called HX), which will regulate antibiotic use, selling antibiotics over-the-counter will be banned. Certain antibiotics, including carbapenems, will be available at only tertiary hospitals[@ref65].

Discussion {#sec1-9}
==========

Knowing that antibiotic resistance is a reality in India and knowing that the prevalence of resistant bacteria will rise over time, no serious constituencies can oppose acting to slow its spread. As with all interventions, preventing the spread of antibiotic resistance will have costs as well as benefits and will not be achieved without deliberate effort. Fortunately, the interventions that lead the list of recommendations from the GARP - India working group will have substantial immediate benefits to individuals in addition to their largely societal benefits in terms of antibiotic resistance. Vaccinations to prevent various illnesses and hospital infection control fall into this category. Setting aside the anti-vaccine arguments, these are win-win interventions, but their 'antibiotic-sparing' effects are often overlooked because these are of secondary importance. Their effects on reducing antibiotic use and, through a logic chain, the spread of antibiotic-resistant bacteria, could however, be enormous. Restricting the use of antibiotics in livestock and poultry for nontherapeutic uses (particularly growth promotion) is similarly beneficial: it is known conclusively from other countries that animal health is not harmed, and the effectiveness of antibiotics is thereby preserved for treating disease (in both humans and animals).

A second important tier of recommendations involves reducing antibiotic use by eliminating irrational or inappropriate use. There is no doubt that people benefit from not being treated for what does not ail them. They do not pay for drugs that are not needed, they avoid potential adverse reactions, and they might then be treated for the illness they do have. However, it is sometimes not possible to tell whether a child is in the early stages of pneumonia or has a common viral cold without laboratory testing, which assumes the availability of not only an experienced doctor but also a microbiology laboratory. Moreover, older antibiotics are inexpensive and cause relatively few side effects. However, some measures designed to rationalize antibiotic use may come with unintended consequences. For instance, enforcing prescription-only laws and eliminating over-the-counter antibiotic purchases could cut off antibiotic access for some segments of the population, such as the rural poor. As long as this possibility is factored into decisions, ways to mitigate any negative effects can also be brought to bear. But this has not been considered in most cases, either in India or in other countries where over-the-counter sales of antibiotics are common.

The GARP process has benefitted from the work of the Ministry of Health and Family Welfare task force report, which has recommended policies to deal with antibiotic resistance. That task force was empanelled as a direct result of the furore that erupted over accounts published in 2010 about the NDM-1 genes found in bacterial isolates purportedly originating in India. The report and recommendations have propelled action at a level that would have been difficult, if not impossible, to generate in the absence of a crisis atmosphere. What is needed now is to capitalize on that start without waiting for the next crisis. The ongoing GARP process is designed to do just that, though it is not officially part of the government and does not work under its authority. It is important to recognize that antibiotic resistance is a changing and ongoing issue, with developments in India and around the world occurring continually, not usually in crisis mode.

GARP - India has the advantage of being part of a growing global network. We have already seen sharing of information among the four initial GARP countries (India, Vietnam, Kenya and South Africa) and expect that this network will grow. Partner countries have shared research protocols and findings and will be sharing analyses, decisions on interventions, and as interventions are implemented, lessons learned. Although much of the information published on antibiotic use and resistance - including basic science, epidemiology, and interventions - comes from high-income countries, generating complementary information and filtering published information through the lens of the low- and middle-income country experience is likely to prove extremely valuable, particularly as the GARP network expands to more countries and experience deepens in founding countries. The GARP activities form a large part of the agenda of the 1^st^ Global Forum on Bacterial Infections, taking place in New Delhi in October 2011 and involving participants largely from low- and middle-income countries. The Global Forum will raise awareness about the pressing nature of this problem, and about the wide variety of ways in which it can be tackled.

RECOMMENDATIONS {#sec1-10}
===============

GARP\'s eventual goal is to use the best available information to develop workable and effective interventions. These include reducing the need for antibiotics by averting disease through vaccination or by averting infection through improved infection control and reducing demand through decreasing antibiotic overuse and eliminating non essential uses (*e.g*., in livestock growth promotion). The recommendations here must still be considered provisional, though all are considered important and have been informed by the new national policy, discussed above. A first task during the next stage of GARP will be to develop a 'critical path' for each recommendation, detailing the pros and cons, the challenges, the costs, the parties of interest, proponents and opponents, the likelihood of success, the size of the potential effect, and a timeline. Small projects could be included to direct implementation plans. In a country as large and complex as India, this is a necessary step and will inform the next phase of GARP. The interventions being considered are described below and summarized in [Table II](#T2){ref-type="table"}.

###### 

Summary of GARP - India recommendations
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Rationalizing the use of antibiotics in humans {#sec1-11}
==============================================

 {#sec2-1}

### Surveillance: Antibiotic resistance and antibiotic use {#sec3-1}

Two complementary types of surveillance are recommended: surveillance for *antibiotic resistance* and surveillance for *antibiotic use*. This supports a recommendation made in the national policy document. By itself, surveillance of any type will not change antibiotic use or the spread of resistant organisms, but knowing resistance levels and tracking them over time is a powerful tool to support real changes. Once the link between resistance and antibiotic use is accepted, tracking antibiotic use can be used as a surrogate for changes in resistance patterns. To some extent, these patterns can produce evidence for whether interventions are working, and can help identify problem areas, as is the case for antibiotic resistance surveillance. Surveillance results/data can also be fed into standard treatment guidelines and essential drug lists.

The Ministry of Health and Family Welfare task force report[@ref65] recommends the development of a laboratory network, beginning in New Delhi and expanding thereafter, as well as prescription and sales monitoring in New Delhi public sector hospitals. Details of co-ordinating bodies, quality assurance, standardization, format, and availability of data and funding are yet to be worked out.

All over the world, surveillance is seen as the backbone of successful programmes to attack the problem of antibiotic resistance. Adequate surveillance for antibiotic resistance and for bacterial infections generally is rare in low- and middle-income countries, and India is no exception. Support has diminished for the two recent large-scale infectious disease surveillance initiatives. The Invasive Bacterial Infection Surveillance project was begun in 1993 to monitor the serotype distribution and antimicrobial resistance of infections caused by *Haemophilus influenzae* and *S. pneumoniae*. However, the number of sites in India has dwindled over time, and funding has been fitful. Another programme, the Integrated Disease Surveillance Project was launched by the Ministry of Health and Family Welfare in 2004. It was phased in to nine States beginning in 2004 and was in 33 States and territories by 2007. However, reporting is less complete than anticipated[@ref74].

### Distributing Standard Treatment Guidelines (STGs) {#sec3-2}

STGs have been developed at various levels, from the hospital (*e.g*., for diarrhoea and pneumonia) to national-level programmes (*e.g*., for TB and HIV/AIDS)[@ref75]. These guidelines should be tailored to local situations and specific to levels of care. However, employees at all levels in the healthcare system often have little knowledge of the content of these STGs. One means of distributing STGs is through drug-bug 'pocket cards': these cards would provide summaries of locally recommended treatments for common conditions, and prescribers would be encouraged to carry and refer to these. The usefulness of these cards should be evaluated, either in a randomized trial or through other means, in different settings. Antibiograms could also be distributed regularly, to make doctors aware of changes in the local pattern of resistance.

### Increasing the use of diagnostic tests {#sec3-3}

This recommendation - which was also made by the Ministry of Health and Family Welfare task force - raises several issues. First, many hospitals (particularly small ones) do not have the required facilities to conduct a range of diagnostic tests. Second, the laboratories that exist may be under-resourced and, therefore, inadequate to the task, a problem that may be either a consequence or a forerunner of a third major issue: physicians do not necessarily value the results from microbiology laboratories even when they exist. This may be because the use of unreliable tests has led to disillusionment among physicians. In India, patients often must pay for these tests and may opt to spend money on presumptive treatment instead. A combination of increasing laboratory capacity (which would involve investing in equipment, supplies, and personnel), partnering between hospitals with diagnostic capacity and those without, and encouraging the development of new rapid diagnostic tests is needed, but the details and critical paths for each remain to be worked out.

### Infection control interventions {#sec3-4}

Hospitals create their own ecology in the bacterial-human interface. The use of antibiotics is much more intense in hospitals than in the community, and highly resistant bacteria may be found and spread there. In response, infection control interventions have been developed to contain bacterial infections in hospitals, including increased hand-washing, isolation rooms, reminders to limit catheter use, and use of gloves and gowns. The Ministry of Health and Family Welfare task force recommends that all hospitals create an infection control plan, committee, and team. It further recommends that clinical microbiologists conduct audits, such as by spot-checking prescribing sheets in wards[@ref75].

As uncontroversial as infection control may seem, the infrastructure required (such as washbasins and isolation rooms) is often lacking in hospitals. Microbiology laboratories and trained staff may be unavailable, and in some situations, staff members and administrators may be uninterested in co-operating[@ref76]. The greatest challenge, then, is empowering the infection control committee and making hospital staff aware of its activities and recommendations.

### Checklists for surgical procedures {#sec3-5}

Patients undergoing surgery are at high risk of infection at the surgical site, but these infections are largely preventable if simple measures are taken consistently before, during, and after surgery. The use of checklists - such as WHO\'s Surgical Safety Checklist[@ref77] - that ensures adherence to common-sense measures - has been demonstrated to improve outcomes, including surgery-related infection in international studies that include India[@ref78]. Additional demonstrations, adapted checklists, and implementation are now recommended.

### Educational approaches {#sec3-6}

Continuing education of doctors, nurses, dentists, pharmacists, and veterinarians is a perpetually attractive opportunity for instructing these professionals about antibiotic use and resistance. In India, continuing education is beginning to be required for certain professionals. A new Medical Council of India (MCI) rule that doctors must attend 30 hours of continuing medical education every five years to maintain their licenses will help encourage such courses[@ref79]. Workshops on antibiotics could be offered as part of this, and similarly for other professions. Furthermore, the establishment of clinical microbiology and infectious diseases post-graduate courses should be encouraged.

It may be relatively easy to conduct courses (compared with other interventions), and these are likely to be beneficial, at least in the short term. It is not clear that such efforts result in permanent changes to behaviour. This area may be ripe for experimentation and evaluation.

### Improving antibiotic supply chain and quality {#sec3-7}

The main recommendation for improving the antibiotic supply chain recognizes the success of the Delhi and Tamil Nadu models, which centralized procurement and focused on drugs that are most critical for the health of the State population[@ref80][@ref81]. India used a similar model to revise its National List of Essential Medicines in 2011[@ref82]. Twenty-one antibacterial medicines are now included, down from 28 in the 2003 list[@ref83]. This is a step in the right direction toward curbing antibiotic misuse, preserving powerful antibiotics, and consequentially limiting resistance. The real issue, however, is implementing the list in the various categories of health facilities and health care systems. In other countries, where essential drug programmes have been implemented as part of a procurement plan, antibiotic use has been reduced. The essential drug programmes can bring order to drug procurement plans and ensure that only those drugs that are useful in the country are paid for, but merely making people aware of what drugs are on the list does not seem to have an impact[@ref84]--[@ref86].

### Vaccines {#sec3-8}

Vaccine-preventable diseases exact a high toll on the Indian population in terms of morbidity and mortality. Immunization could benefit the population immensely by improving health. Savings in terms of antibiotic use would be a secondary but potentially large benefit - millions of courses of antibiotic use could be avoided each year. Problems with achieving vaccination goals are deeply rooted in India. One-third of the world\'s unimmunized children are in India, and well under half of all children in India are fully immunized according to the current schedule[@ref87]. This, of course, has nothing to do with antibiotics. It is clear that the antibiotic voice is a small one in vaccine debates.

Nonetheless, several steps could be taken to improve health and decrease the use of antibiotics; such as (*i*) introducing the *H. influenzae* type b (Hib) vaccine into the Universal Immunization Programme (UIP), (*ii*) introducing a pneumococcal vaccine into the UIP, after determining which would be most appropriate for India; (*iii*) introducing a rotavirus vaccine into the UIP to prevent a large number of cases of dehydrating diarrhoea - some of them fatal - and reduce what is largely inappropriate antibiotic use (since antibiotics do not treat rotavirus yet are routinely given to children with watery diarrhoea); (*iv*) investigating the effect of targeted typhoid vaccination in India; and (*v*) determining the expected effect on child health from providing pregnant women with seasonal influenza vaccination.

### Reducing and controlling antibiotic use in the veterinary sector {#sec3-9}

India is late in recognizing the critical role of antibiotic use in agricultural animals (livestock and poultry) in promoting antibiotic resistance. Current regulations are limited to rules about antibiotic residues (or presence) in seafood. European countries have banned certain uses of antibiotics and limited antibiotic use in general, and India should now take similar steps. The inter-sectoral co-ordination committee mandated by the new national guidelines will be in a position to configure very specific recommendations to accomplish this, empowered as it is to review data, undertake studies, specify antibiotics for use in livestock, review laws from other countries and evaluate their applicability in India, develop regulations on usage and labelling, and enhance the scope of the Prevention of Food Adulteration Rules Act (1995 Part XVIII).

The inter-sectoral committee must aim at three goals:

(*i*)outlawing veterinary use of those antibiotics deemed to be most important for human health;(*ii*)banning use of antibiotics for non-therapeutic purposes, particularly growth promotion; and(*iii*)requiring washout periods between the use of antibiotics and animal slaughter.

If adopted in India, these actions would go a long way toward reducing the use of antibiotics in animals without harming their health or endangering humans. Complementary measures include surveillance, education, and alternative measures that will make it possible to reduce use of antibiotics in animals.

### Surveillance of antibiotic use and resistance by animal product manufacturers {#sec3-10}

In collaboration with the World Organisation for Animal Health (OIE) and the UN Food and Agriculture Organisation (FAO), protocols would be developed for surveillance of antibiotic resistance and use in various countries, in parallel with the procedure developed for surveillance in humans. This would be done so that data can be comparable across countries and shared internationally.

### Education of farmers and other stakeholders about Appropriate use of antibiotics {#sec3-11}

Farmers and others in the livestock industries congregate regularly at markets and could be reached there with information on antibiotics. Incentives could be offered for attendance (*e.g*., lunch, take-home materials, or animal vitamins). Sessions could take the form of didactic sessions, question-and-answer sessions, or demonstrations. As with formal continuing education for human health professionals, the effect of these efforts would have to be evaluated.

### Reducing the need for antibiotics in animals {#sec3-12}

Approaches include improved hygiene, reducing animal stress, including probiotics or nutritional supplements in feed, and increasing rates of vaccination for common animal diseases. An investigation is needed on animal vaccination rates and the costs and availability of vaccines.
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